INTRODUCTION
In some plants, the presence of sucrose syn thase [EC 2.4.1.13] (1) and sucrose-phosphate synthase [EC 2.4.1. 14] (2) has been demon strated in the same organ of the same plant. [1] [2] [3] [4] [5] [6] [7] [8] UDPG+fructose sucrose+UDP (1) UDPG + F-6-P sucrose-phosphate + UDP (2) Determining the true sucrose synthesizing enzyme in vivo has been of interest for many years among plant biochemists.
However, the biochemical roles of these enzyme have not been determined precisely. 9) Recently, it has been reported that sucrosephosphate synthases from wheat germ,10) sweet potato5) and other plant species5) express substrat coop ef authors wished to determine the properties of the enzyme. This paper . reports partial purification of su crose-phosphate synthase from morning-glory callus cells and its enzymatic properties.
Abbreviations:
F-6-P, Fructose-6-Phosphate; G-1-P, Glucose-l-Phosphate; G-6-P, Glucose-6-Phosphate; PEP, Phosphoenol Pyruvate; 3-PGA, 3-Phosphoglycerate.
MATERIALS AND METHODS
Plant materials. Morning-glory (Pharbitis Nil choisy var. Murasaki) callus was cultured according to the method described previously. 8) Chemicals. Ultrogel AcA22, DE-52 and meta bolic intermediates were purchased from L. K. B. Producter AB, Whatman Ltd. and Boehringer Mannheim GamH, respectively. Sephadex G-200 was obtained from Pharmacia Fine Chemicals AB. All other compounds were obtained from Wako Pure Chemical Industries Ltd.
Partial purification of the enzyme. Fifteenday-old callus cells (140 g) were homogenized with 280 ml of 100 mM glycine buffer (pH 8.5) containing 5 mM EDTA and 5 mM mercaptoethanol in a teflon homogenizer. The homogenate was centrifuged at 10,000xg for 15 min. The supernatant was saved for further experimenta tion. Extraction of the precipitate with a fresh buffer was repeated twice in the same way as described above. After the extraction was com pleted, the cell debris was discarded. Then, the supernatant fractions were combined and used for enzyme purification.
The whole extract was fractionated with solid ammonium sulfate. The precipitate obtained between 0.3 and 0.5 saturation was dissolved in 280 ml of the extraction buffer. The solu tion was dialyzed overnight against 6 liters of 20 mM Tris-HC1 buffer (pH 7.0) containing 1 mM mercaptoethanol.
The dialyzate was centrifuged at 10,000 x g for 15 min. The resulting super natant was applied to a column (2.2 x 22 cm) of DEAE-cellulose (DE-52) preequilibrated with the dialysis buffer. The enzyme was eluted by a linear gradient with NaCI in the dialysis buffer from 0 to 0.5 M. Flow rate was 15 ml/ hr. Enzymatically active fractions (fraction Nos. 64-68) were pooled. The solution was fractionated with solid ammonium sulfate. The precipi tate obtained between 0.3 and 0.5 saturation was dissolved in 3 ml of the extraction buffer. The solution was applied to a Sephadex G-200 column (2.2 x 80 cm) which was preequilibrated with the dialysis buffer ( Fig. 1 Final concentration of the chemicals tested was 10 mM, except that of nucleotides was 2 mM, Effect of concentration of MgCl2 and MnCl2 Figure 5 shows that MgCl2 and MnCl2 acti vated the enzyme activity at the concentrations tested. The maximum activation effect by every salt was observed at 10 mM.
Effect of some metabolites
The results are given in Table 2 . UTP and UDP strongly inhibited the enzyme activity. However, the other kinds of nucleotides did not influence the enzyme activity. These results suggest that the enzyme may be more specific to uridine nucleotides than the other nucleotides.
It was reported that 3-PGA inhibited 20% of the broad bean enzyme activity.l" The morningglory enzyme was not. The other metabolites such as G-1-P, G-6-P, pyruvate and PEP did not influence the enzyme activity. Effect of citrate concentration It was reported that the broad bean enzyme was an allosteric enzyme because the enzyme activity increased in sigmoid shape with increase in citrate concentration.
It was also mentioned that sucrose biosynthesis was regulated at this enzyme level.17) Citrate at 40 mM activated the morning-glory callus enzyme activity (Fig. 6) . However, the enzyme activity did not give a sigmoid curve with increase in citrate concentration.
Effect of UDPG concentration
It was reported that the wheat germ enzyme gave substrate cooperativity effect to UDPG.10) Also, it was mentioned that Mg2+ stimulated the wheat germ enzyme activity in a manner of decreasing the concentration of UDPG necessary for half maximum activity.10) The morningglory enzyme gave Michaelis-Menten kinetics without any cation and with MnCl2 or MgC12 (Fig. 7) . The Km values for UDPG under these conditions were 2. 1, 2.4 and 4.2 mM, respectively. The Km value of the enzyme without any cation was near that of the potato enzyme (2.5 mM) 5) and different from that of the rice seed enzyme (25 mM) .3)
Effect of F-6-P concentration It was reported that the enzyme of wheat germ,10) sweet potato5' and potato5) were allosteric enzyme because the enzyme gave the substrate cooperativity effect. In those papers, it was also mentioned that the values of Hill coefficient of the wheat germ, sweet potato and potato enzyme were relatively small, namely, 1.4, 1.35 and 1. 4, respectively. The morningglory enzyme gave Michaelis-Menten kinetics without any cation and with MnC12 or MgCl2 (Fig. 8) . The Km values of the enzyme for F-6-P were calculated to be 1. 3, 5.3 and 2.2 mM, respectively. The value without any cation was nearly equal to that of the wheat germ enzyme (2.2 mM) 2' and slightly different from that of the rice seed enzyme (2.0-5.9 mM).
3)
The present data suggest that sucrose-phosphate synthase of morning-glory callus cells is not an allosteric enzyme, and does not show any cooperativity to UDPG. It was previously reported that the morning-glory callus enzyme activity did not vary greatly during callus growth and that probably, the regulation of sucrose bi:synthesis by the enzyme did not occur in morning-glory callus cells.14) Thus, it is reasonable to imagine that sucrose biosynthesis in morning-glory callus cells may be regulated at another enzyme level. For instance, Dickinson et al. previously indicated the regulation of sugar metabolism in lily pollen at the uridine diphosphate glucose pyrophosphorylase level.18) Their findings are of interest in connection with the regulation of sucrose biosynthesis in morning-glory callus cells. Further investigation to this end is in progress.
